A selective and sensitive liquid chromatographic method has been developed for simultaneous determination of zonisamide and its four related substances in pharmaceutical dosage forms. The assay involved an isocratic elution in perfectsil Target C18 column using a mobile phase composition of disodium hydrogen phosphate buffer, acetonitrile and methanol (650:150:200 v/v, pH adjusted to 3±0.05) with fl ow rate 1.2 ml/min and analyte monitored at 240 nm. Also a simple and precise spectrophotometric method was developed for dissolution studies. These proposed methods are sensitive, accurate, reproducible and useful for the routine determination of zonisamide in pharmacy.
Zonisamide (1,2-benzisoxazole-3-methane sulfonamide, fi g. 1) is used as an anticonvulsant in patients with epileptic disorders [1] . The exact mechanism of action is not known for zonisamide according to Leppik, while zonisamide may act as a carbonic anhydrase inhibitor like acetazolamide.
Several methods have been reported for the analysis of zonisamide using gas chromatography (GC) [1] , micellar electrokinetic capillary chromatography [2, 3] enzyme immunoassay [4] , high performance liquid chromatography (HPLC) with UV detection using solid phase extraction [5] and HPLC method only for zonisamide by different methods [6] [7] [8] [9] [10] [11] [12] . No chromatographic method have been published till date for the quantitation of impurities, also no literature is reported for dissolution study by UV spectrophotometric method. In the present study, a rapid, specifi c, precise and validated HPLC (isocratic method) and UV spectrophotometric method for the quantitative estimation of zonisamide in pharmaceutical dosage forms is reported.
MATERIALS AND METHODS

Zonisamide was obtained from Malladi Drugs and
Pharmaceuticals, Chennai, India. Disodium hydrogen phosphates were obtained from Merck KGaA, Germany. HPLC grade acetonitrile and methanol were obtained from (Kaledon Labratories Ltd, Canada). All the other chemical reagents were analytical grade.
The HPLC system consisted of an Agilent Technology 1200 series, USA equipped with an Agilent Technologies G1311A Quat pump in a quaternary gradient mode and an Agilent Technologies1200 series VWD detector. Data aquisition was performed by the Chemstation software operated on a Pentium ΙV microprocessor. Analysis was Carried out at 240 nm, with a Perfectsil Target C18 reversed-phase column 250 4.6 mm i.d., 5 μm dimensions (MZ-Analysen Technik GmbH. Germany) at ambient temperature.
Preparation of stock solutions, standard and QC samples:
Stock solution of zonisamide was prepared by dissolving accurately weighed 200 mg of the drug in 100 ml of mobile phase (final concentration 2 mg/ ml). From this stock solution, standard 40 μg/ml was freshly prepared on the analysis day. Calibration standards were prepared at concentrations of 20 to 150 μg/ml from a standard solution of 200 μg/ml by appropriate dilution with mobile phase. Four quality control (QC) Samples at concentrations of (20, 50, 75 and 150%) representing the low, medium and high concentrations, respectively, of the linearity range were prepared from the standard solution.
For the estimation in dosage form, 20 tablets from each batch were randomly selected and powdered. Amount equivalent to 80 mg of zonisamide from powdered formulation was accurately weighed and taken in a volumetric fl ask, 40 ml of mobile phase was added, this mixture was subjected to vigorous shaking for 15 min for complete solution of the drug, then made up the volume to 50 ml, and then centrifuged at 4500 rpm for 30 min (Sigma 10l, Germany). Five milliliters of the clear supernatant was diluted 100 ml with mobile phase and 20 μl of this solution was injected for HPLC analysis.
Linearity (calibration curve):
The calibration curves were constructed with eight concentrations including the LOQ ranging from 50 to 160 μg/ml of working concentration for zonisamaide and impurities (fi g. 2). Each solutions was injected in three replicated and the linearity was evaluated by linear regression analysis, which was calculated by the least square regression method (Table 1) .
Accuracy and precision (ruggedness):
Accuracy of the assay method was determined for both intra-day and inter-day variations using the triplicate analysis of the QC samples at three concentration levels (80, 100 and 120%) of working concentrations for zonisoamide. Precision of the assay was determined by repeatability (intra-day) and intermediate precision (inter-day). Repeatability refers to the use of the analytical procedure within a laboratory over short period of time that was evaluated by assaying the quality control samples during the same day and on different days using new solutions and different chromatographic systems. Intermediate precision was assessed by comparing the assay on different days for 3 days) ( Table 2) . Selectivity/Specifi city During Specificity study numbers of different solutions were prepared. Zonisamide, individual impurities, standard solution, sample solution and placebo solution were injected. The spectra and purity plots solutions were extracted through a diod array detector for each ingredient in the standard Furthermore, forced degradation studies were conducted in order to prove selectivity of the method.
Robustness:
Several parameters of the method were purposely Comparision of intra-day and inter-day precision and accuracy for the determination of zonisamide 100 mg by HPLC and UV-spectrophotometric methods altered in order to determine the robustness of the method. The system suitability parameters as well as the recovery for the main ingredients in the sample solution were examined. The method parameters which altered were the columns temperature, the fl ow rate and the buffers pH (Table 3) .
System suitability:
Sample solution was injected three times in order to obtain the retention times of the components and all the important parameters of system suitability testing were calculated (RSD of area of zonisamide peak and h/v ratio of impurity B, where h is the peak height of impurity B and v is the distance between the top of the peak of impurity B and the lowest point of the valley defined between the peak due to impurity B and zonisamide).
Recovery studies:
To check the accuracy of the developed methods and to study the interference of formulation additives, analytical recovery experiments were carried out by standard method. From the total amount of drug found, the percentage recovery was calculated. The results are 96.04-105.52±4.9, 0.28 (RSD).
Detection and quantitation limits (Sensitivity):
Limits of detection (LOD) and quantitation (LOQ) were estimated from the signal-to-noise ratio. Detection limit was defined as the lowest concentration level resulting in a peak area of three times the baseline noise. The quantitation limit was defi ned as the lowest concentration level that provided a pick, with precision (% RSD) and accuracy (% bias) within ±10%.
Stability of tablets and solutions:
The stability of the tablets was determined using the QC samples for short-term stability by keeping at room temperature for 36 h, and then analyzing. The long-term stability was determined by storing at 45º and 75% relative humidity (RH) for 90 days. The samples (n = 3) were taken out 30, 60, 90 days and evaluated for the drug content and physical parameters like color change, friability, hardness, and dissolution. Both standard and sample solutions were prepared and analyzed for recovery of zonisamide and four impurities at 0 h, 5 h, 12 h and 24 h at room temperature.
Impurities:
Chemical structure of zonisamide impurities are shown in (fi g. 3) . The stock solution of the impurities was prepared by dissolving accurately weighted 5 mg of their working standards in 20 ml of mobile phase (final concentration 0.25 mg/ml). From these stock solutions standard 0.01 mg/ml were prepared. The optimal composition of mobile phase was determined to be 25 mM disodi um hydrogen phosphate buffer, acetonitrile and methanol (650:150:200 v/v, pH adjusted to 3±0.05). Flow rate was set at 1.2 ml/min. As can be seen in fi g. 4, they have good resolutions and are well separated. Calibration curves were linear over the range of concentration used (50-120 μg/ml), which summarized in Table 4 . Method precision, as indicated in Table 5 , was <2.5. The accuracy, as measured by the relative errors, ranged from 98.5 to 100.3% for all impurities.
Method validation:
To check the accuracy of the developed methods and to study the interference of formulation additives, analytical recovery experiments were carried out by standard method. The results are reported in Table 5 .
Dissolution studies:
Dissolution study was carried out using USP type 2 dissolution apparatus. The water bath, maintained at 37±0.5º and the paddle rotated at 50 rpm. At different time intervals, 15 ml sample was withdrawn, fi ltered the solution through Whatman fi lter paper No 42 then 5 ml of the resulting solution was transferred to 50 ml volumetric fl ask and volume was made up with 0.1 N HCl. The absorbance was measured at 240.2 nm by UV-Spectrophotometry. Release of zonisamide in reference and new formulation was same as each other and the values were calculated as follows (fi g. 5, Table 6 ):
Validation for UV-Spectrophotometric method:
The calibration curves were constructed with eight concentrations from 50 to 160 μg/ml of working concentration for zonisamide. Each solution was measured in three replicates and the linearity was evaluated by linear regression analysis, which was calculated by the least square regression method. Linearity was obtained in this concentration range, with regression 0.9999, intercept -7.36724E-05 and slope 0.029701155, Accuracy of the assay method was determined for both intra-day and inter-day variations using the triplicated analysis of the QC samples and inter-day precision for the analyte was shown in Table 2 . The intra and inter-day RSD were less than 2%. Also, during specifi city study number of different solutions were prepared. Zonisamide, standard solution, sample solution and placebo solution were measured for specifi city study.
RESULTS AND DISCUSSION
Both, UV spectrophotometric and HPLC methods were found to be simple, accurate, economic and rapid for routine estimation of zonisamide in pharmaceutical dosage forms. For UV spectrophotometric method, in dissolution study, the value of standard deviation and RSD in recovery (0.285< 2%); shows the high precision of the method.
For the assay method, HPLC conditions were optimized to obtain, an adequate separation of eluted compounds. Mobile phase and fl ow rate selection was based on peak parameters (height, tailing, theoretical plates, capacity factor), and run time. In separation of impurities Compounds with similar structure elute close to each other. Parameters that effect retention and separation are percentage of organic solvent and type of organic solvent, because they defi ned the polarity of the mobile phase and kind of interaction between molecules and stationary phase. Different percentages of mobile phases were tried in order to achieve the best separation. To ascertain its effectiveness, system suitability tests were carried out on freshly prepared stock solutions. Sample-to sample precision and accuracy were evaluated using, three samples of three different concentrations, which were prepared and analyzed on same day. Day-to-day variability was assessed using three concentrations analyzed on three different days, over a period of two weeks. Thus, it was concluded that there was no signifi cant difference on the assay, which was tested on an intra-day and inter-day basis. The proposed methods are accurate, simple, rapid and selective for determination of zonisamide and especially for its impurities with the same conditions, in pharmaceutical dosage forms. Hence, it can be conveniently adopted for the routine quality control analysis.
The rapidity of the assay allows analysis of a large number of samples with less mobile phase, which proves to cost-effective. Furthermore, spectrophotometric method for dissolution is so time consuming. Compared with other published methods, The HPLC assay in this article is faster and simpler and allows determining very small amounts of zoniszamide.
